The effects of milk fever, ketosis, and lameness were studied in 23, 416 Finnish Ayrshire cows that calved in 1993 and were followed for one lactation (i.e., until culling or the next calving). Monthly test day milk yields were treated as repeated measurements within an animal in a mixed model analysis. Disease index variables were created to relate the timing of a disease to the test day milk measures. Statistical models for each parity and disease included fixed effects of calving season, stage of lactation, and disease index. An autoregressive correlation structure was used to model the association among the repeated measurements. Clustering of cows within herds was also accounted for in the model.
In these analyses the milk yield level prior to disease onset (more than four weeks before the 11 diagnosis ofthe disease) ofthe ketotic cows was used as the reference level.
12
The ketosis index was defined as follows:! if the cow was healthy (i.e., had not been 13 diagnosed with any disease during the entire lactation), 2 for test day yields collected between 15 and 14 28 d before the diagnosis, 3 for test day milk yields collected within 14 d before the diagnosis, 4 for 15 test day yields collected within 14 dafter the diagnosis, 5 for test day yields collected between 15 and 16 28 d after the diagnosis, 6 for test day yields collected between 29 and 42 d after the diagnosis, 7 for 17 test day yields collected later than 42 dafter the diagnosis, and 8 for test day milk yields collected 18 more than 28 d before the ketosis diagnosis (the reference level).
19
Lameness. Only cows with no diseases (n=20,983) and cows with foot and leg disorders, but 20 no other diseases within 4 weeks before and after the lameness diagnosis (n=455), were included in 21 the analyses. To differentiate between cows with and without foot and leg disorders, a lameness index 22 variable was created for each test day milk yield in order to study the effects of lameness on milk In our previous study we compared three commonly used correlation structures (simple, 3 compound symmetry and first-order autoregressive) and found the first-order autoregressive 4 correlation structure to provide the best fit to these data (12).
5
In PROC MIXED, the standard linear model is generalized to form a mixed model: 6 y =XJ3+ Zy + E with Var(y)=G and Var(E) = R, so that Var(y) = ZGZ' + R, where y =vector of 7 test day milk yields, J3 = vector of fixed effects, y = random herd effects and E = vector of random 8 errors.
9
A correlation pattern can be modeled in PROC MIXED in two ways, by introducing a 10 correlation pattern in the random effects y through a nonidentity matrix G, or by an R matrix so that 11 it equals o 2 multiplied by some nonidentity matrix.
12
The effects of milk fever, ketosis and lameness on test day milk yields were studied separately 13 for each parity (i.e., parities 1, 2, 3, and 4 or higher). For milk fever the effects were studied also for 14 parities 2 or higher together (pooled data When yield of milk fever cows was compared with that of the healthy cows, milk fever did not have 16 a clear milk reducing effect in our data. On the contrary, the results suggested that cows contracting 17 milk fever were higher producing cows; two to four weeks after the disease cows in parities 2 or 18 higher (the pooled data) milked on average 0.9 kg/d more, during the next two weeks they milked 19 1.2 kg/d more and during the remainder of lactation they milked 1.6 kg/d more than healthy cows
20
(results not shown). Therefore, the milk yield of the milk fever cows more than eight weeks after the 21 diagnosis was chosen as the comparison level. Milk yield at this point gives an indication about the 22 cow's own potential and about what level she would have been at from the beginning of lactation had 1 she not contracted milk fever.
2 Table 2 presents the results when the cow's own yield was used as the reference level. During 3 the first two weeks after the diagnosis cows with milk fever in parities 2 or higher (the pooled data) 4 produced 1.8 kg/d less milk than they did later on in the lactation. During the following two weeks 5 the loss was 1.1 kg/d and during the next two weeks it was 0.5 kg/d (Table 2 ). In general, healthy 6 cows produced 1.6 kgld less than cows that contracted milk fever. Cows with milk fever in parity 2 7 produced 2.7 kg/d less milk during the first two weeks than later on in the lactation. In parity 3 the 8 losses from milk fever during the three 2-week periods after calving were 2.9 kg/d, 1.6 kg/d and 1.2 9 kg/d, chronologically. The oldest cows lost 1.4 kg/d during the first two weeks after the diagnosis 10 and 1.0 kg/d during the following two weeks. The healthy cows produced 1.1 to 1.7 kg/d less milk 11 than cows with milk fever later in the lactation, depending on parity (Table 2) .
12
Increasing milk yield has been found to be a risk factor for milk fever in several studies (1, 2, 13 6, 7, 11). However, results found in the literature state that milk fever is not associated with milk loss: 14 Rowlands and Lucey (13) and Lucey et al. (10) reported no significant associations between 15 hypocalcemia and milk yield. Also, Deluyker et al. (3) reported no association between milk yield 16 and milk fever. Dohoo and Martin (5) found no direct effect of milk fever on milk yield, but they 17 speculated that a negative association may have been masked by the positive association found 18 between previous milk yield and the occurrence of milk fever.
19
Probably because ofthe method used to study the question of milk loss, these studies were 20 not able to show any effect. Due to the fact that milk fever cows seem to be higher producing cows 21 and that the disease occurs so early in lactation, it is difficult to show the milk reducing effect ofthe 22 disease. When compared with the yield of the healthy cows, no negative effects can be seen as a 1 consequence of milk fever; the milk yield just drops to the level ofthat of the healthy cows. If using 2 305-d milk yield as a milk measure, cows with milk fever still can produce more than healthy cows 3 in spite of having contracted the disease and no effect can be seen. Our method of comparing the milk 4 yield of cows with milk fever to their own yield potential later in lactation, however, enabled us to 5 estimate the milk loss due to milk fever. Our estimates could still underestimate the true effect of milk 6 fever if the cows had some other diseases that caused reduced milk yield more than eight weeks after 7 calving (yield at that time was used as the reference level).
9 Ketosis
10 Ketosis had a significant negative effect on milk yield. The milk reducing effect started even before 11 the diagnosis of clinical ketosis (Table 3) , which agrees with the findings of Lucey et al. (10) who 12 reported that milk yield declined for 2-4 weeks before diagnosis of ketosis. They estimated the total 13 losses in milk yield associated with ketosis to be 60-70 kg, which is less than our estimates. In our 14 study the milk loss continued for at least two weeks after diagnosis and the overall loss during the 15 entire lactation e.g., in parity 1 and in parity 4 or higher was 126.0 kg and 535.4 kg, respectively 16 (Table 3 ). In both of these parity groups the milk reducing effect started four weeks prior to the 17 diagnosis. The daily milk loss was greatest within the first two weeks after the diagnosis, being 3.0 18 kg/d, 4.0 kgld, 3.3 kgld and 5.3 kg/d for parities 1, 2, 3, and 4 or higher, respectively. In parity 4 or 19 higher the milk loss continued for the rest of the lactation. This could be an indication that these 20 cows' energy requirements were not met. The healthy cows in parity 1 and in parity 4 or higher 21 produced significantly less than the cows that contracted ketosis; healthy cows in parity 1 produced 22 on average 1.1 kgld and in parity 4 or higher 1.8 kg/d less milk than ketotic cows in the same parity. 1 This is in agreement with the results ofDetilleux et al. (4), who also reported that ketotic cows 2 yielded more milk over the entire lactation than did the healthy cows. They also reported a significant 3 depression in the lactation curve of the ketotic cows in early lactation. Grohn et al. (8) reported that 4 cows with ketosis yielded significantly less milk per day both before and after diagnosis than did non-5 ketotic cows. 6 Dohoo and Martin (5), however, reported that a case ofketosis appeared to increase yield 7 by approximately 2.5% and they attnbuted that to the initial and follow-up therapy followed after the 8 diagnosis. Another possible, and maybe even more likely, explanation could be that cows with ketosis 9 were higher producing and simply milked more even after contracting ketosis, as was found in our 10 study. Rowlands and Lucey (13) reported an average significant reduction of 6-7 % in peak yield in II lactations in which the cows had ketosis. There was, however, no overall significant difference in 305-I2 d milk yield. All of these findings indicate that cows with ketosis are, in general, higher producing and I3 that the milk loss often is only temporary.
I4 I5 Lameness

I6
The lactational incidence risk oflameness (foot and leg disorders) was very low in our data, only 17 2.I %. Our current data consisted of healthy cows and lame cows that had no other diseases within 18 four weeks before and after the lameness diagnosis. Thus, we were able to exclude the confounding 19 effect due to any other diseases occurring close to the lameness diagnosis. We compared the milk 20 yield of cows with foot and leg disorders to their own yield more than four weeks before the 21 diagnosis. Milk yield of cows in parity 1 began to decline two weeks before the clinical diagnosis of 22 the disorder, the loss being 1.5 kg/d (Table 4) . Within the first two weeks after the diagnosis the loss 1 was 1.5 kg/d, during the following two weeks it was 1.6 kg/d and during the following two weeks 2 the loss was 1.0 kg/d. The negative effect continued even longer, i.e., for the rest of the lactation, and 3 the loss was 1.1 kg/d.
4
In parity 2 lameness had a negative effect on milk yield; however, it was not significant. The 5 lactational incidence risk of lameness was lowest in parity 2 and a small sample size might partly 6 explain why we were not able to detect significant effects. In parity 3, the loss during the first two 7 weeks after the diagnosis was 2.0 kg/d (only of borderline significance, however) and during the 8 following two weeks it was 2.2 kg/d. In parity 4 or higher, the milk reducing effect began two weeks 9 before the diagnosis (2.6 kg/d) and continued for six weeks after the diagnosis; the loss was 2.8 kg/d, 10 2.8 kg/d and 1. 7 kg/d during the three 2-week periods following the diagnosis. Only in parity four 11 or higher did the healthy cows produce more milk (1.8 kg/d) than the cows with foot and leg 12 disorders; among younger cows there was no significant difference. Dohoo and Martin (5) reported 13 a large positive direct effect of foot and leg disorders on milk yield (expressed as kg of milk per day 14 oflife), the overall effect representing an increase of approximately 1.6% in milk yield per day oflife.
15
Again, this could probably be explained by the fact that in their data cows with foot and leg disorders 16 were higher producing cows. Also, Rowlands et al. (13) reported that cases of lameness were more 17 common in cows which had higher than average peak milk yields and Deluyker et al. our observation that cows in parity 4 or higher produced 1.8 kg/d more milk than the healthy cows.
21
Our estimates could be underestimating the true effect of lameness, if the cows had some other 22 diseases causing reduced milk yield more than four weeks before the lameness diagnosis. Milk fever affected milk yield for a period of four to six weeks after calving, the loss varying 4 between 1.1 and 2.9 kg/d, depending on parity and the time elapsed after the diagnosis. Cows 5 contracting milk fever were higher producers than healthy cows. Ketosis had a negative effect on milk 6 yield; milk yield began to decline 2-4 weeks before the diagnosis ofketosis and the milk reducing 7 effect continued for a varying length of time, depending on parity. The losses were greatest during 8 the two weeks following the diagnosis (varying from 3.0 to 5.3 kg/d). Also, lameness had a negative 9 effect on milk yield; cows in parity 1 were affected most. 3.
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